The 4 th International Conference on Jets, Wakes and Separated Flows (ICJWSF2013) was held in Nagoya, Japan, in September 2013. Advanced papers were presented at the conference, contributing to the progress of the research. This report is a summary of the published papers, focusing on turbulent flows. The papers are classified to seven fields: generation of turbulence fields, free shear flows, separated flows, wall shear flows, multi-physics flows, fluid machinery, and numerical methods/bio-fluid mechanics. The research works in each field are reviewed, noting the contribution to the understanding and control of turbulent flows. For generation of turbulent fields, the unique features of fractal-grid turbulence are discussed by the results of DNS and experiments. For free shear flows, the fundamental features are investigated, and various flow-control methods are demonstrated in engineering applications. For separated flows, many studies on separation control are presented, especially demonstrating the effectiveness of plasma actuators. For wall shear flows, the latest works are presented, revisiting the characteristics of statics and turbulent structures by the recent results of DNS and experiments. For multi-physics flows, the studies for engineering applications are presented in the fields of multiphase flows, reacting flows related to combustion, and aeroacoustics. The results suggest useful ideas to develop innovative technologies in each field. For fluid machinery, interesting studies of wind turbines are presented to increase efficiency. In conclusions, the contribution of the conference is summarized and the future issues on the research of turbulent flows are mentioned.
Introduction
Turbulent flows are of great importance in many fields of science and engineering. They present difficult problems both in the fundamental understanding of physics and in applications, many of which are still unsolved. Therefore turbulent flows have continued to be subjects of intensive research over a period more than a century.
The research of turbulent flows has been recently accelerated significantly by two forces: first, the remarkable progress of numerical simulation methodology with high performance of computing systems; second, the need of innovative technologies to solve the serious global problems of environment and energy for human society.
Under the background, the research of turbulent flows advances towards the following directions. The first is the understanding of physics, focusing on detailed spatiotemporal structures, high Reynolds number effect and multi-physics flows. The second is the broadening of research fields: the fields expand to practical applications. The third is the control of turbulent flows: innovative actuators, control algorism and flow modulations are main subjects.
In the ICJWSF2013, the papers on the topics mentioned above were presented, contributing to the research progress of turbulent flows. We can get useful information on the present state of the research. This report is a summary of the conference, reviewing the published papers. The papers are classified to seven fields and reviewed in each field.
Generation of turbulence fields
The turbulent flows generated by multiscale/fractal objects have been extensively investigated, focusing on their unique characteristics different from those by general objects such as regular grids. The recent works in this area are summarized in a wide range of fundamentals and applications, showing that the engineering applications are promising to the control of mixing, pressure drop across grids and orifices, aero-acoustic noise, drag forces and wakes of objects, and so on (Vassilicos, 2013) . Some of the latest works on fractal-grid turbulence are presented, discussing the unique features by the results of DNS and experiments (Watanabe, T.(Tomoyuki), et al., 2013; Inaba, et al., 2013; Laizet and Vassilicos, 2013) . The papers of the current research are published in the special issue of Fluid Dynamics Research (Vol.45, No.6 (2013) ).
An interesting study on the generation mechanism of a hierarchy of multiscale cascade in turbulence is presented . The study discusses the energy cascade process, focusing on the vortical structure obtained by LES of incompressible hyperbolic quadruple vortices. One of the most interesting observations in this flow is that the generation process of smaller vortices takes place in a quasi-periodic manner.
It is demonstrated that nearly homogeneous and isotropic turbulence field is produced in a cubic open type chamber by mixing eight synthetic jets in ambient atmosphere all pointing towards the center (Stapountzis, et al., 2013) .
Regarding the coherent structures in a Diesel engine cylinder, the effects of compression on turbulent swirling flows are studied using Large-Eddy Simulations (Söder, et al., 2013) . In this study, the geometry investigated is a cylinder with swirling motions of different strengths with superimposed isotropic turbulence. During compression the evolution of turbulence and vorticity is investigated.
Free shear flows
A lot of works on free shear flows were presented: about one third of the papers presented at the conference are related to the field. This implies that the conference provides useful information on the recent research progress in the field of free shear flows.
Mixing layers
A new measure for the laminar-turbulent transition process in free-shear flows is presented (Ichimiya, 2013) . The Kolmogorov complexity measure of randomness is introduced, compressing Numerical and graphic data in the mixing layer developed downstream of a two-dimensional nozzle with the aid of a compression program. The results show that the idea is useful to indicate the regularity of the laminar flow and the randomness of the turbulent flow quantitatively.
The effects of a turbulence-generating grid on mixing and chemical reaction are experimentally investigated in a liquid sheared mixing layer . As a result, fluid mixing and chemical reaction are promoted most effectively when the grid is installed in the downstream region where the mixing layer is developed.
Jets and vortex rings
For plane jets, the effects of initial conditions (i.e. the Reynolds numbers and the mean velocity profile at the jet exit) on coherent structures and flow evolution are analysed by DNS (Wu, et al., 2013) , and the temperature fluctuations in a heated jet are analysed by KL expansion, discussing the dominant mode of the temperature field . The linear disturbance is experimentally discussed in a plane turbulent jet, comparing with a linear stability theory (Shirosaki, et al., 2013) .
For axisymmetric jets, many works on mixing enhancement control are presented. Mixing enhancement by generating large scale vortices by intermittent injection is investigated under various conditions (Fuchs, 2013a) . It is well known that the characteristics of jets are influenced considerably by the nozzle geometry. The effects of various geometries on mixing, diffusion and heat transfer are reviewed (Shakouchi, 2013; Kito, et al., 2013) , suggesting useful information on engineering applications. The enhancement of mixing and diffusion in an axisymmetric jet is tried by using multiple prominences of six vortex generators . The results show the axisymmetric mode is the most effective for the enhancement of the heat transport in the near-field region. The flow control by a claw mixer is one of the countermeasures to mitigate the jet noise. The claw, composed of retractable nails at the jet exit, controls flow and enhances jet mixing. The optimum condition to suppress jet noise is proposed and confirmed by the experiments . The control by installing divergent or convergent rings concentrically inside a round nozzle is interesting (Usuzawa, et al., 2013) . The jet diffusion control by plasma actuators are presented, showing the usefulness Miyagi, N., et al., 2013) .
Numerical simulations have been used efficiently as a tool to develop the ideas of flow control. The dynamic control of jets rotating around the streamwise axis is proposed, and the remarkable mixing enhancement is confirmed by DNS . The flow fields of a transitional supersonic jet are investigated numerically to understand a mechanism of the Mach wave generation, focusing on the shear layer thickness effect .
Jets issue into turbulence fields in many industrial and environmental applications. As the fundamental research, the influence of mainstream turbulence on jet diffusion is investigated experimentally . The results show that the diffusion is significantly increased under the influence of strong mainstream turbulence generated by the fractal grid.
Synthetic jets have been recently noted for flow control, and many applications have been reported. To use synthetic jets effectively, the understanding of the fundamental features is important. The experimental studies on the synthetic jet actuator using bubbles produced by electric discharge , on the effect of strokes on the vortex ring structures (Koso, et al., 2013) , and on the motion and deformation of vortex rings evolved in a synthetic jet ejected into a crossflow (Miyakoshi and Hasegawa, 2013) are presented. The flow characteristics, focusing on the streamwise mean velocity along the jet centerline, are clarified numerically by a discrete vortex method .
Interesting works on vortex rings are presented. The relation between the circulation of vortex rings, generated by a pulsating jet, and the pulsation conditions is investigated, indicating a specific condition for maximum circulation (Akagi, 2013) . The mass transport by vortex rings is investigated experimentally (Naitoh, et al., 2013) . The results show that the transport efficiency is increased by moderate swirling. The complicated flow structure of the vortex ring impacting on a solid wall with rotation is revealed by PIV measurement (Aikawa, et al., 2013) .
Dynamics of multiple jets are studied for engineering applications. The velocity field of parallel circular jets is measured, and the fundamental properties, diffusion and entrainment, are discussed (Hiramoto, et al., 2013) . The flow structure generation by multiple jets impinging a supersonic crossflow is investigated using LES, presenting useful information on the manipulation of the flow pattern (Semlitsch, et al., 2013) .
Swirling jets are closely related to the combustion of gas turbines (see Section 6.2). The PIV study of vortex breakdown in swirling jets contributes to the understanding of the flow structure (Alekseenko, et al., 2013) .
The studies on impinging jets, widely used in engineering applications, are presented. In order to improve the performance of heat transfer, multiple jets are investigated by DNS (Koide, et al., 2013) . The studies on the effects of rib turbulators (Oda and Takeishi, 2013 ) and those of a sphere cavity (Terekhov and Kalinina, 2013) on the wall present useful information on the enhancement of heat transfer. As for wall jets, the study on the management by a flat plate wing with 3-D trailing edge is presented, showing the increase of the momentum flux by the evolution of longitudinal vortical structures behind of the wing (Sakaguchi, et al., 2013) .
Wakes and drag
The studies on fundamental features of wakes are presented. The definition of wake width is proposed in terms of skewness and flatness factors which are third-and forth-order statistics of turbulence (Li and Chang, 2013) . The results show that the width defined by flatness factor represents the actual sectional range of shear turbulence. The velocity-pressure correlations are measured in the wake of a circular cylinder and the turbulent structure is discussed (Kawata, et al., 2013) . The relation between the boundary layer at the trailing edge and the wake properties are investigated experimentally, controlling the boundary layer (Trip and Fransson, 2013) .
As for the relation between vortex shedding and drag of a circular cylinder, the experimental work on the wake of a circular cylinder combined with spherical rings demonstrates the drag reduction by the suppression of vortex shedding . The study on the wake of an accelerated circular cylinder reveals the relation between the drag characteristics and the vortex structure . The characteristics of vortex shedding from a pair of staggered arranged circular cylinders are investigated (Yokoi, et al., 2013) .
For airfoil wakes, the effect of turbulence intensity on the low Reynolds number airfoil wake is investigated to obtain information on the design of micro air vehicles and wind turbines . The experimental study on the vortex behavior produced by a pitching oscillating discoid airfoil presents useful results to understand the generation mechanism of unsteady fluid forces acted on flying and aquatic animals (Haniu and Hasegawa, 2013) . The effect of the dimple of wing surface on the flow characteristics is discussed with the numerical results of various dimple patters (Cho and Kim, 2013) .
The studies on the wakes of vehicles are presented in relation to the drag and the unsteady force. The characteristics of vortex shedding are revealed by experiments (Kohri, et al., 2013) and LES (Krajnović and Minelli, 2013) . The drag reduction by vortex generators is confirmed by LES (Krajnović, 2013) .
For the wakes of sphere, the effect of surface heating on the drag at the critical Reynolds number (Muto, et al., 2013) and the flow structure around a sphere moving along the axis of a rotating container filled with a viscous fluid (Koyama, et al., 2013) are investigated.
Separated flows
Separated flows have been extensively investigated as they are very important in engineering applications. At the conference the latest studies were presented.
For the fundamental properties of separated flows, summarized is the development of a physical model for transfer processes in the near-wall region of some complex flows occurring in technological applications such as impinging jets, heat transfer of cylinders in cross flow and in tube banks, and flows in packed beds, where processes manifest properties characteristic for turbulent separated flows (Gorin, 2013) .
Considering the applications to unmanned aerial vehicles and micro air vehicles, the pressure distribution on a NACA0012 airfoil is investigated to clarify the flow field around the airfoil in the low-Reynolds-number region from 10,000 to 50,000 .
The studies of separation control are presented, showing the recent progress in the research field. The micro and small devices such as Dielectric Barrier Discharge (DBD) plasma actuators and synthetic jets have been demonstrated to be very effective for the control of flow separation. The efforts, for the last several years at the Institute of Space and Astronautical Science, JAXA, for better understanding of the flow control mechanism of DBD plasma actuators are summarized, showing the effectiveness of the devices (Fujii, 2013) . The applications of plasma actuators to the separation control of airfoils are discussed with the results of LES and of experiments Daud, et al., 2013) . The counter-type plasma actuator inducing streamwise vortex pair is shown to be effective for controlling the separation on the surface of a circular cylinder (Funaoka, et al., 2013) . The plasma actuators are applied effectively to the flow separation control on turbine blades (Segawa and Matsunuma, 2013) .
To obtain the basic data for the numerical simulation, an experimental study is conducted on the flow induced by DBD plasma actuators placed at the top of a half cylinder (Vernet, et al., 2013) , and the reduction of drag is confirmed by LES (Futrzynski, et al., 2013) .
To develop the application of plasma actuators, it is important to understand the detailed flow mechanism of the separation control. The characteristics of the jet induced by the pulsed plasma actuator on circular cylinder are examined by the results of jet thrust measurement and high-speed Schlieren flow visualization (Matsuno, et al., 2013) . As a fundamental study to determine the optimal working parameters of plasma actuator, the induced flows are measured by PIV, focusing on the flow structures generated by varying the parameters of the pulse modulation (Yanagida and Muramatsu, 2013) .
The study of separation control by the use of synthetic jets has been an active field of research. The details of separation control mechanism are investigated by a high-order LES (Biswas and Kitoh, 2013) . The application of a synthetic jet array, actuated individually with different injection velocities, for a control of flow separation over a backward facing step is presented (Takano, et al., 2013) .
Sweeping jet actuators have been demonstrated as a new tool to control flow separation. The actuator emitting a jet oscillating at a high frequency in the spanwise direction along the surface of an airfoil suppresses separation effectively, which has been shown to be superior to a steady jet, yielding a significantly higher lift. The effectiveness of sweeping jets in improving the control authority of a rudder and the lift generation of flaps is discussed (Tewes, et al., 2013) .
The effect of a single rib on the separation region behind a backfacing step is investigated experimentally, discussing the interaction between the separated flow behind the rib and the mixing layer behind the step . As for the separation control of the flow around a vehicle model, the effectiveness of cylindrical roughness elements, generating counter-rotating vortices, is demonstrated by LES and experiments (Krajnović, 2013) . The turbulent heat transfer in a thermally-stratified turbulent boundary layer over two-dimensional hill is investigated by DNS (Hattori, H., et al., 2013 ). An interesting study on feedback control is presented, indicating that the separation is effectively suppressed by the ejection of turbulent jet triggered by the detection of separation with the image of tuft in the separation region .
Wall shear flows
The latest studies on wall shear flows were presented at the conference, showing the results achieved by active researchers.
The recent outstanding works at KTH is reviewed, contributing to the understanding of wall turbulence (Örlü and Schlatter, 2013a) . The characteristics of wall shear flows, such as the log law, the Reynolds number dependence, the von Karman constant and the proper scaling of the inner and outer flows, are revisited by recent DNS and experiments. For pipe flows, the development of the flow from laminar to turbulent state is discussed by intensive measurements at high Reynolds numbers (König, et al., 2013) . The unsteady flow through 90 degree bend is simulated by LES (Fjällman, et al., 2013) . The weir shaped small obstacle on the wall upstream of T-junction corner is demonstrated to be effective to reduce the loss .
A unique feature of the spatio-temporal heat transfer in a circular pipe is made clear by high-speed infrared thermograph (Shiibara, et al., 2013) . Direct numerical simulation is performed for a spatially advancing turbulent flow and heat transfer in a channel with some ribs on one wall, finding the condition to maximize the heat transfer (Ohta, et al., 2013) . The turbulent mixing of hot and cold airflow in a T-junction is enhanced by the delta-wing row attached in the main channel upstream of flow merging . Natural convection of air over an upward-facing horizontal two-dimensional heated plate is investigated by means of direct numerical simulation (Mitsuishi and Kitamura, 2013) , focusing on turbulence structure of separated boundary layer flow under a practically important high Rayleigh number condition.
For transition, the flow over a circular cylinder at pre-critical Reynolds numbers (Miau, et al., 2013) , the transition of the flat-plate boundary layer interacted with turbulence wedge from a line of roughness (Inoue and Ichimiya, 2013) and the transition of a boundary layer disturbed by periodic jet injection in the inlet region of a circular pipe (Izawa and Ichimiya, 2013) are experimentally investigated.
Turbulent boundary layer has been one of main subjects in the research of turbulent flows. The studies contributing to the understanding of flow structures are presented. The recent advancements on turbulent wall flows in pipes and on a flat plate are reviewed, paying attention on tripping, suction, structures and pressure gradients (Örlü and Schlatter, 2013) . The turbulent boundary layers influenced by freestream turbulence generated by grids are investigated by experiments and DNS (Xia, et al., 2013) . The effects of a cylinder wake in a freestream on a flat plate boundary layer are also presented (Takizaki, et al., 2013) . The influence of tripping on a turbulent boundary layer is experimentally investigated, focusing not only on basic statistics such as mean velocity and fluctuation profiles, but also on the spatiotemporal correlation between the wall pressure and the streamwise velocity fluctuations (Mishiba, et al., 2013) . The results indicate that the velocity-pressure correlation is sensitively changed by the tripping devices, while the mean velocity profile is not remarkably affected except the very intense tripping with a thick rod tripping.
The turbulent structure in a boundary layer developed over two different types of three-dimensional rough walls, cavity and protrusion types, is investigated to understand the effect of the geometrical feature on the turbulent statistics . The wind-tunnel test is conducted to investigate the structural characteristics of wind fields behind an inclined flat panel in turbulence logarithmic layer, which mimics a photovoltaic panel in the atmospheric surface layer (Hattori, Y., et al., 2013) .
A microscale sensor for an accurate measurement of wall shear stress is developed using the micro-electro-mechanical system fabrication technique. The sensor uses a thin metal film whose temperature is kept constant using a constant temperature circuit, and the wall shear stress is determined by measuring the heat flux from this film (Sawada, et al., 2013) . 
Multi-physics flows

Multiphase flows
As a fundamental study, the effect of streamline curvature on the fluid force acting on a solid particle, which has not been considered enough in the point source models for solid particle, is investigated by DNS, proposing a new correlation equation of the angular velocity (Kajishima, et al., 2013) .
The studies on multiphase jets in practical applications are presented. Particle-laden turbulent jets, typically consisting of solid particles suspended in a conveying fluid, are an important class of flow, not only because of their fundamental significance, but also because of their wide relevance to many applications such as in the flames of boilers and furnaces. The detailed investigations of the jets are presented to understand the effects of a wide range of Stokes numbers and Reynolds numbers (Lau and Nathan, 2013) . The effect of droplets on flow patterns, turbulence and heat transfer in a two-phase jet is investigated numerically, considering the evaporation of droplets (Pakhomov and Terekhov, 2013) .
Direct numerical simulation is performed for a two-dimensional turbulent jet dispersed by sphere particles in the jet core region, enlightening the physics of the turbulent coherent vortices dispersed by the solid particles through observation of the time advancement of turbulence statics and the instantaneous pressure distribution denoting the coherent vortices . The results present useful information on the application for coal-fired power plant.
The mixing phenomena of a density stratified fluid by a jet flow in a tank are experimentally investigated (Shakouchi and Uchiyama, 2013) . The jet issues vertically upward from a circular nozzle at the bottom of the tank into the density stratified fluid composed of water and salt water. Two-phase ejectors for expansion work recovery have received much attention of the scientific community over the last decades, specifically in the field of CO 2 refrigeration where they constitute an attractive alternative for expansion devices in classic vapor compression systems. The current developments in both experimental and numerical identification of two-phase flow phenomena in transcritical CO 2 ejectors are presented (Banasiak, et al., 2013) .
Considering the application to an automobile running in the rain, the behavior of droplets supplied from the front part of an object and their paths on the body surface are simulated (Harada, et al., 2013) .
In the manufacturing process of semiconductor device and liquid crystal display, cleaning is a key technology for high-quality products. In relation to the problems, the studies on thin film removal by steam and water mixed spray ) and on removal of infinitesimal particles on a wall by high speed air jet (Soemoto, et al., 2013) are presented.
For the bubble plume which is utilized in various engineering devices, the interaction between the bubble and a swirling flow around the central axis (vertical axis) of a bubble plume is investigated experimentally (Uchiyama and Sasaki, 2013) . The bobble motion and the characteristics of the swirling water flow are explored to clarify the effects of the bubble volume flow rate and the rotational speed of the stirring disk.
Reacting flow
Reacting flows have been investigated actively in the field of combustion. The stabilization and vortex breakdown in swirling premixed flame are investigated and discussed by the results of experiments and LES (Fuchs, 2013b; Alekseenko, et al., 2013) . Moreover the studies on the coherent structures in reacting swirling combustion flows by linear hydrodynamic stability theory and on the effect of axial and transverse acoustic excitation on a swirl-stabilized flame (Saurabh and Paschereit, 2013) are presented.
The addition of steam to the combustion process is an effective technology to reduce harmful emission and simultaneously increase the efficiency. The studies concerned are presented, contributing to the understanding of the steam injection effects on the flow and flame structures Göckeler1, et al., 2013) .
For the spray combustion in many engineering applications, the effect of ambient pressure on spray jet flame structure, which has not been well understood, is investigated by LES (Kitano, et al., 2013) .
The expander bleed cycle has been attracting attention for the development of the next-generation rocket engine of Japan because of its simple structure and high safety characteristics. The experimental and numerical investigations are presented to understand the combustion and heat transfer characteristics of H 2 /Air annular jet flames using multiple shear coaxial injectors (Miyagi, W., et al., 2013) .
As the fundamental studies on reacting flows, the following are presented. Conditional statistics, conditioned on mixture fraction, are experimentally investigated in a planar liquid jet with a second-order chemical reaction A + B→R. The results suggest useful data for the models to simulate reacting turbulent flows . A new computational model using Lagrangian methods is developed to simulate the reactive scalar field in scalar mixing layer in grid-generated turbulence . In the experimental study on reacting flows, measurement techniques are very important. The Improvement of a spatial resolution of concentration measurement system based on the light absorption spectrometric method is reported (Naito, et al., 2013) .
Aeroacoustic noise and flow-induced vibration
Aeroacoustic noise and flow-induced vibration are serious problems in a wide range of engineering fields. The following studies are presented, suggesting useful ideas to understand the generation mechanism and to develop the control methods.
To reduce aeroacoustic noise from a pantograph head of high-speed trains, a flow control method using synthetic jet actuators is proposed effectively (Sato, Y., et al., 2013) . As for the noise of heat exchanger, the vortex shedding noise generated from a circular cylinder with spiral fin in cross flow is investigated experimentally (Hamakawa, et al., 2013) .
Jet noise is an important problem in the development of aircraft technologies. A study of noise reduction technologies applied to supersonic jets is summarized, showing that chevrons, fluidic injection by microjets and a combination of them are effective to reduce the noise generated by the main jet . The effect of upstream disturbance on the angle of sound emission in a supersonic round jet is investigated numerically, indicating that upstream disturbance conditions play an important role for the emission of the Mach waves in a supersonic jet (Watanabe and Maekawa, 2013) .
For the acoustic noise caused in pipes, the topics on the thermoacoustic instability of a quiescent gas enclosed in a channel (or a tube), caused by thermoviscous diffusion under an axial temperature gradient, including the related fluid dynamical problems, are overviewed (Sugimoto, 2013) , and the flow-induced pressure pulsation in a pipeline-cavity systems are studied (Oshkai, 2013) .
The hole tone produced when a jet impinges a plate with a hole of the same diameter as that of the jet exit is encountered in many practical situations. A new passive control method of suppressing the tone, disorganizing the feedback loop with an axisymmetric obstacle on the end plate, is proposed (Matsuura and Nakano, 2013) . The characteristics of the acoustic absorption of perforated plates, caused by the interaction of sound waves with fine scale jets, are investigated (Wada and Ishii, 2013) .
For the noise of turbomachinery, the results of CFD and experiments are reported, making clear the relation between aerodynamic broadband noise and flow fluctuations in a sirocco fan, and the noise generating mechanism is discussed (Koumura, et al., 2013) .
For flow-induced vibration, the studies on the acoustic loading on a plate behind a backward facing step (Nilsson, et al., 2013) and the unsteady wall pressure characteristics of a 90 degree elbow (Iwamoto and Yamano, 2013) are presented. As a fundamental study for vibration-power generators, the free-vibration tests of cantilevered rectangular prisms are carried out, and the effects of the prism shape and the free-stream turbulence on the vibration characteristics are investigated .
Fluid machinery
For turbomachinery, the characteristics of rotating flow downstream of guide vanes installed at the inlet of centrifugal compressors are investigated experimentally to clarify the flow instability (Kudo, et al., 2013) . Active control of the tip leakage flow by plasma actuators is demonstrated effectively for the models of turbine blade (Segawa and Matsunuma, 2013) .
The importance of wind power generation has been accelerated since the serious crisis of nuclear power plant in 2011, and the research of wind turbines is getting more active. Interesting studies are presented at the conference as follows. To discuss an optimal placement of wind turbines in the wind farm, the wake of a wind turbine model is investigated experimentally in wind tunnel (Massouh and Dobrev, 2013 advantages of omni-directional rotating, low noise and miniaturization, the studies suggesting useful ideas to develop efficient turbines are presented (Firdaus, et al., 2013; Kosaku, et al., 2013; Hanamoto, et al., 2013) . A new type of wind turbine system called "Wind-lens turbine" is presented (Oka, et al., 2013) . The turbine has a diffuser with brim called "wind-lens", by which the wind concentration on the turbine rotor and the significant enhancement of the turbine output can be achieved. The vortical and separated flow field around the wind turbine is investigated by Reynolds Averaged Navier-Stokes simulation. As another new type of wind turbine, a vertical-axis wind turbine with multiple looped blades, called "Butterfly wind turbine", is proposed (Hara, et al., 2013) .
Japan is rich in hydropower resources, and recently small-scale hydropower has attracted much attention mainly because of the difficulty of construction of large-scale power plants. As the fundamental studies for developing pico-hydraulic turbines, the cross-flow turbines utilizing rapid streams and low-head waterfalls (Kimoto, et al., 2013) are investigated. The development of the turbines is expected.
The wave energy has been also noted as one of natural energy resources. The Wells turbine is investigated numerically, and it is shown that the efficiency and stall characteristics of the turbine can be improved by the use of three-dimensional blade (Takao and Okuhara, 2013) .
Numerical methods and bio-fluid mechanics
In the research of turbulent flows, numerical simulations have taken an important role. The studies contributing to the development of numerical methods are presented. A numerical code based on an algorithm that enables a high level of conservation of the kinetic energy of fluctuations is proposed, improving the accuracy of the simulated results . For the bridging methods in turbulent flow simulation, the new approach for the calculation of the integral scale of turbulence by deriving an additional equation is presented (Basara and Girimaji, 2013) .
Bio-fluid mechanics has been one of active research fields in turbulent flows. The dynamics of the vortex ring generated by moving butterfly wing is clarified by PIV measurement, and the dynamic lift acted on the wing is estimated (Kuroki, et al., 2013) . As for the flapping motion of a dragonfly wing, the velocity and pressure fields around the wing are investigated numerically (Honda, et al., 2013) .
Conclusions
The latest papers were presented at the ICJWSF2013, contributing to the understanding and control of turbulent flows. The fundamental studies provide important information to make clear the characteristics of turbulent flows, and the studies on flow control suggest useful ideas to develop innovative technologies in engineering applications.
For understanding fundamental features of turbulent flows in practical applications, further studies at high Reynolds numbers are needed. To advance the studies, numerical simulations and experimental techniques should be further developed, and new concept/hypothesis on turbulence might be required. The studies on the control are needed to efficiently control turbulent flows. Practical sensors/actuators and control algorism should be developed. Numerical simulation for flow control is a powerful tool to develop new ideas. Progress of control technologies contributing to solve the serious global problems of environment and energy is expected.
